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(54) METHOD AND APPARATUS FOR MANUFACTURING FLEXIBLE ORGANIC EL DISPLAY 



(57) A whole organic EL display fabricating appara- 
tus is provided inside a vacuum chamber. In this case, 
a first patterning unit B through a third patterning unit D 
for sequentially forming luminescent layer patterns of 
GREEN, BLUE, and RED on an anode pattern on a 
strip-shaped flexible substrate 1 , and a fourth patterning 
unit E for forming a cathode pattern on the subsequent 



stage are provided. The first patterning unit B is provided 
with a first cooling can 21 and a vacuum vapor deposi- 
tion unit below for forming the luminescent layer pattern 
of GREEN. The structures of the second patterning unit 
through the fourth patterning unit are similar to that of 
the first patterning unit. In fabricating a display, the sub- 
strate 1 is caused to travel from the first cooling can 21 
toward a fourth cooling can 64 by the roll-to-roll system. 



CO 
CO 
CM 



5 2 5 B A 

,27 41 ,27 41 ,27 41 13 r 27 / 12 



TO NEXT STEP 
(EXTENDED ELECTRODE 
FORMING & SEALING) 



V-X- 63 A 53 J 43 1 3 ? 24 2 3 2t 

n 72 L_ ■\_\^25 *— I h -25 H h -25 



_k^5 I— | kp.T H Y-25 



FIG.1 




Q. 
Ill 



Printed by Jouve, 75001 PARIS (FR) 



3DOCJD: <EP_ 



_1115268A1J_> 



1 

Description 

Technical Field 

[0001] This invention relates to a method and appa- 5 
ratus for fabricating an organic EL (electrolumines- 
cence) display utilized as a panel light source, a display 
panel or the like, and particularly to a method and ap- 
paratus which enables continuous and efficient fabrica- 
tion of a flexible organic EL display having a cathode, a 
luminescent layer made of an organic substance and an 
anode on an optically transparent flexible substrate. 

Background Art 

[0002] An organic EL element is an element of a thin 
film type having a first electrode (anode or cathode) 
formed on a substrate, an organic layer (single layer por- 
tion or organic multilayer portion), that is, a luminescent 
layer, containing an organic luminescent substance 
stacked thereon, and a second electrode (cathode or 
anode) stacked on the luminescent layer. In this organic 
EL element, the organic luminescent substance is 
caused to emit light by applying a predetermined voltage 
between the first electrode and the second electrode. 
[0003] Since the organic EL element is an element of 
a thin film type as described above, when an organic EL 
panel having a single or a plurality of organic EL ele- 
ments formed on the substrate is used as a panel light 
source of back light or the like, an apparatus having the 
panel light source can be easily thinned. Moreover, 
when a display device is constituted by using, as a dis- 
play panel, an organic EL panel having a predetermined 
number of organic EL elements as pixels formed on a 
substrate, advantages that cannot be provided by a liq- 
uid crystal display device are realized such as high vis- 
ibility and absence of field angle dependency. 
[0004] However, in the case of fabricating an organic 
EL element, there remain many technical problems and 
it is generally difficult to finely pattern the cathode or the 
luminescent layer (organic EL medium layer) of the or- 
ganic EL element because of the poor heat resistance 
(in general, 100°C or lower), low solvent resistance and 
poor moisture resistance of the organic substance (or- 
ganic EL medium) used for a charge injection layer and 
a luminescent layer. For example, it is very difficult to 
use a photolithography method, which is normally used 
for patterning of a thin film, for the organic EL element 
because there is a problem of deteriorating character- 
istics of the organic EL element due to the entry of a 
solvent in a photoresist into the element, the high-tem- 
perature atmosphere in a resist baking step, the entry 
of a resist developer solution or an etching solution into 
the element, the damage by plasma in dry etching and 
the like. 

[0005] As a technique for solving the foregoing prob- 
lems, an organic EL panel having little deterioration in 
an organic EL element and having high reliability and a 
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fabrication method therefor are disclosed in the Japa- 
nese Publication of Unexamined Patent Application No. 
H9- 102393. 

[0006] As a technique for inexpensive and efficient 
mass production of organic EL displays as described in 
the above-mentioned publication, a method and appa- 
ratus of a so-called roll-to-roll system may be consid- 
ered. However, this technique has not been sufficiently 
studiedyet, and considerably complicated steps and de- 
vice structure are required for fabricating a flexible or- 
ganic EL display by the roll-to-roll system" For example, 
in the cunent state, it is quite difficultto pattern a cathode 
or a luminescent layer for the organic EL element at a 
low cost on a substrate of a large area made of a plastic 
film or the like. 

Disclosure of the Invention 

[0007] Thus, it is an object of the present invention to 
provide a method and apparatus for fabricating an or- 
ganic EL display by the roll-to-roll system, which ena- 
bles continuous and efficient mass production of flexible 
organic EL displays. 

[0008] In order to achieve the above-described ob- 
ject, a method for fabricating a flexible organic EL dis- 
play according to a first aspect of the present invention 
is adapted for fabricating an organic EL display having 
a cathode, a single or a plurality of luminescent layers 
made of an organic substance, and an anode provided 
on an optically transparent substrate, wherein a strip- 
like flexible substrate made of a plastic film or the like is 
used as the optically transparent substrate, and a step 
of patterning the luminescent layer and a step of pat- 
terning the cathode are carried out in a vacuum by a roll- 
to-roll system while making the flexible substrate travel 
continuously. 

[0009] As the luminescent layer patterning step ac- 
cording to the first aspect of the present invention, it is 
preferred to pattern the luminescent layer on the surface 
of the flexible substrate on which the anode is patterned 
in advance and to clean the surface of the flexible sub- 
strate by ion bombardment immediately before the lu- 
minescent layer patterning step. 

[0010] Also, according to the first aspect of the 
present invention, it is preferred that at least one of the 
luminescent layer patterning step and the cathode pat- 
terning step is carried out by vacuum vapor deposition 
or sputtering using a mask having an opening portion of 
a predetermined shape formed therein, and is adapted 
for forming a stripe pattern having a width equal to the 
width of the opening portion on the flexible substrate. 
[0011] Moreover, according to the first aspect of the 
present invention, it is preferred that as the mask, a 
strip-like mask having opening portions intermittently 
formed therein is caused to intermittently travel by the 
roll-to-roll system at every predetermined travelling 
length of the flexible substrate in accordance with the 
roll-to-roll system, and that the opening portions which 
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are reeled out are caused to face a generation source 
of a patterning substance in the luminescent layer pat- 
terning step and the cathode patterning step. 
[0012] Furthermore, according to the first aspect of 
the present invention, it is preferred that a tracking signal 
is provided on one lateral end portion of the flexible sub- 
strate, the position in the longitudinal direction and the 
direction of the width of the flexible substrate is detected 
by detecting the tracking signal, and the position of the 
opening portion formed in the mask and the opening and 
closing timing of a shutter for starting and stopping the 
supply of the patterning substance to the flexible sub- 
strate are controlled on the basis of the result of detec- 
tion. 

[0013] In addition, according to the first aspect of the 
present invention, it is preferred that the flexible sub- 
strate processed in the luminescent layer patterning 
step and the cathode patterning step is wound in a roll 
shape and that the roll is housed in a container filled with 
an inert gas and is carried to the next step. 
[0014] In order to achieve the above-described ob- 
ject, a method for fabricating a flexible organic EL dis- 
play according to a second aspect of the present inven- 
tion is adapted for fabricating an organic EL display hav- 
ing a cathode, a single or a plurality of luminescent lay- 
ers made of an organic substance, and an anode pro- 
vided on an optically transparent substrate, wherein a 
strip-like flexible substrate made of a plastic film or the 
like is used as the optically transparent substrate, and 
a step of patterning the luminescent layer and a step of 
patterning the cathode are carried out in a vacuum by a 
roll-to-roll system while making the flexible substrate 
travel intermittently. 

[0015] In order to achieve the above-described ob- 
ject, an apparatus for fabricating a flexible organic EL 
display according to a third aspect of the present inven- 
tion is adapted for fabricating an organic EL display hav- 
ing a cathode, a single or a plurality of luminescent lay- 
ers made of an organic substance, and an anode pro- 
vided on an optically transparent flexible substrate 
made of a plastic film or the like, wherein a step of pat- 
terning the luminescent layer and a step of patterning 
the cathode onto the surface of a strip-like optically 
transparent flexible substrate are carried out in a vacu- 
um by a roll-to-roll system while making the flexible sub- 
strate travel continuously. 

[0016] According to the third aspect of the present in- 
vention, it is preferred to provide an ion cleaning elec- 
trode for cleaning the surface of the flexible substrate 
by ion bombardment immediately before the lumines- 
cent layer patterning step. 

[0017] Also, according to the third aspect of the 
present invention, it is preferred that at least one of the 
luminescent layer patterning step and the cathode pat- 
terning step is carried out by vacuum vapor deposition 
or sputtering using a mask, and that the apparatus in- 
cludes a continuously rotating drum for winding the flex- 
ible substrate thereon and causing the flexible substrate 



to travel, a generation source of a patterning substance, 
and a mask arranged between the continuously rotating 
drum and the patterning substance generation source 
and having an opening portion of a predetermined 
5 shape formed therein. 

[0018] Moreover, according to the third aspect of the 
present invention, it is preferred that the apparatus in- 
cludes travelling means for causing a strip-like mask 
having opening portions intermittently formed therein to 
10 intermittently travel by the roll-to-roll system at every 
predetermined travelling length of the flexible substrate 
in accordance with the roll-to-roll system, and that the 
opening portions reeled out by the travelling means are 
caused to face the generation source of the patterning 
*5 substance. 

[0019] Furthermore, according to the third aspect of 
the present invention, it is preferred that the apparatus 
includes a tracking signal provided on one lateral end 
portion of the flexible substrate and a tracking signal de- 
tection sensor for detecting the tracking signal, and that 
the position in the longitudinal direction and the direction 
of the width of the flexible substrate is detected by de- 
tecting the tracking signal using the tracking signal de- 
tection sensor, and the position of the opening portion 
formed in the mask and the opening and closing timing 
of a shutter for starting and stopping the supply of the 
patterning substance to the flexible substrate are con- 
trolled on the basis of the result of detection. 
[0020] In addition, according to the third aspect of the 
present invention, it is preferred that the apparatus in- 
cludes winding means for winding in a roll the flexible 
substrate processed in the luminescent layer patterning 
step and the cathode patterning step, and a container 
filled with an inert gas for housing the roll. 
[0021] Further, according to the third aspect of the 
present invention (Figs.1 and 2), it is preferred that a 
travelling counter 12 for counting the travelling distance 
of a flexible substrate 1 and an anode pattern edge de- 
tection sensor 27 for detecting an edge 4a of an anode 
stripe pattern 4 (having streak-shaped anode patterns 
formed in a plurality of rows along the direction of width 
of the flexible substrate 1) are provided in the lumines- 
cent layer patterning step constituting the apparatus for 
fabricating a flexible organic EL display, and that a shut- 
ter 24 for starting and stopping the supply of the pattern- 
ing substance to the flexible substrate 1 and a shutter 
controller 25 for controlling the opening and closing of 
the shutter 24 are provided in a patterning substance 
generation source (evaporation source) 23, wherein the 
travelling counter 1 2 and the anode pattern edge detec- 
tion sensor 27 are caused to communicate with the shut- 
ter controller 25 and wherein patterning from a front end 
portion to a rear end portion of the anode stripe pattern 
4 along the substrate travelling direction is carried out 
by controlling the opening and closing of the shutter 24 
in the luminescent layer patterning step. 
[0022] Moreover, according to the third aspect of the 
present invention (Figs.1 and 2), it is preferred that the 
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luminescent layer patterning step for forming a lumines- 
cent layer pattern 6 (and 7) of another color in parallel 
with and distanced away at an appropriate space from 
a luminescent layer pattern 5 in the flexible substrate 1 
having the anode stripe pattern 4 formed in the direction 
of width of the flexible substrate 1 and having the lumi- 
nescent layer stripe pattern 5 of a predetermined color 
orthogonal to the anode pattern 4, or the cathode pat- 
terning step for stacking a stripe pattern 8 of a cathode 
8a on luminescent layerstripe patterns 5, 6, 7 in the flex- 
ible substrate 1 having the anode stripe pattern 4 formed 
in the direction of width of the flexible substrate 1 and 
having the luminescent layer stripe patterns 5, 6, 7 of 
predetermined colors formed on the anode pattern 4, is 
constituted as follows. 

[0023] That is, it is preferred that a travelling counter 
1 2 for counting the travelling distance of the flexible sub- 
strate 1 , an anode pattern edge detection sensor 27 for 
detecting an edge 4a of the anode stripe pattern 4, lu- 
minescent layer pattern edge detection sensors 42, 52, 
62 for detecting edges 5a, 6a, 7a of the luminescent lay- 
er patterns 5, 6, 7, a mask width position controller 45 
for adjusting the position of a mask 28 in the direction 
of width of the flexible substrate, and an edge position 
controller 41 for correcting meandering of the flexible 
substrate 1 on the continuously rotating drum (for ex- 
ample, first cooling can 21) are provided. It is also pre- 
ferred that the anode pattern edge detection sensor 27 
is caused to communicate with a shutter controller 25, 
the travelling counter 1 2 is caused to communicate with 
the shutter controller 25 and the mask width position 
controller 45, and the luminescent layer pattern edge 
detection sensor 42 is caused to communicate with the 
mask width position controller 45. It is also preferred that 
a shutter 24 for starting and stopping the supply of the 
patterning substance to the flexible substrate, and the 
shutter controller 25 for controlling the opening and clos- 
ing of the shutter 24 are provided in the patterning sub- 
stance generation source. 

[0024] In order to achieve the above-described ob- 
ject, an apparatus for fabricating a flexible organic EL 
display according to a fourth aspect of the present in- 
vention is adapted for fabricating an organic EL display 
having a cathode, a single or a plurality of luminescent 
layers made of an organic substance, and an anode pro- 
vided on an optically transparent flexible substrate 
made of a plastic film or the like, wherein a step of pat- 
terning the luminescent layer and a step of patterning 
the cathode onto the surface of a strip-like optically 
transparent flexible substrate are carried out in a vacu- 
um by a roll-to-roll system while making the flexible sub- 
strate travel intermittently. 

Brief Description of the Drawings 

[0025] Fig. 1 is an explanatory view showing the struc- 
ture of a flexible organic EL display fabricating appara- 
tus according to an embodiment of the present inven- 



tion. 

[0026] Fig.2(a) is a plan view showing the state where 
respective patterns are sequentially formed on a film 
substrate in the fabricating apparatus of Fig.1 f and 
5 showing a substrate which has ITO anodes and extend- 
ed electrodes patterned in a stripe form on the surface 
thereof in advance. 

[0027] Fig. 2(b) is a plan view showing the state where 
respective patterns are sequentially formed on a film 

10 substrate in the fabricating apparatus of Fig.1, and 
showing the substrate immediately after a luminescent 
layer of GREEN is patterned in a stripe form. 
[0028] Fig.2(c) is a plan view showing the state where 
respective patterns are sequentially formed on a film 

'5 substrate in the fabricating apparatus of Fig.1, and 
showing the substrate immediately after a luminescent 
layer of BLUE is r^tterned in a stripe form. 
[0029] Fig.2(d) a plan view showing the state where 
respective patterns are sequentially formed on a film 

20 substrate in the fabricating apparatus of Fig.1, and 
showing the substrate immediately after a luminescent 
layer of RED is patterned in a stripe form. 
[0030] Fig. 2(e) is a plan view showing the state where 
respective patterns are sequentially formed on a film 

25 substrate in the fabricating apparatus of Fig.1, and 
showing the substrate immediately after a cathode is 
patterned. 

[0031] Fig. 3 shows a film substrate having a tracking 
signal formed at its one lateral end portion in the fabri- 
30 eating apparatus of Fig.1 . 

[0032] Fig. 4 shows an exemplary structure of a mask 
used for forming a dot-like pattern in the fabricating ap- 
paratus of Fig.1. 

[0033] Fig. 5 shows the state where a dot-like pattern 
35 is formed by intermittently feeding a film substrate in the 
fabricating apparatus of Fig.1 . 

Best Mode for Carrying Out the Invention 

^o [0034] Preferred embodiments of the present inven- 
tion will now be described with reference to the draw- 
ings. 

[0035] Fig. 1 is an explanatory view showing the struc- 
ture of a flexible organic EL display fabricating appara- 

45 tus. Figs.2(a) to 2(e) are plan views showing the state 
where respective patterns are sequentially formed on 
an optically transparent and flexible plastic film sub- 
strate by the fabricating apparatus, and are plan views 
showing the substrate portion immediately after respec- 

50 tive steps. The display fabricating apparatus is housed 
in a vacuum chamber (not shown) and is' adapted for 
continuously carrying out formation (patterning) of the 
patterns in a vacuum by the roll-to-roll system. 
[0036] Specifically, the display fabricating apparatus 

55 includes a reeling unit A for a plastic film substrate 1 
having ITO anodes 2 and extended electrodes 3 pat- 
terned in advance in a stripe shape on its surface, a first 
patterning unit B (first vapor deposition unit) for pattern- 



4 



SDOC1D: <EP. 



.1115268A1 J_> 



7 



EP1 115 268 A1 



8 



ing a luminescent layer of GREEN on the ITO anodes 2 
by vapor deposition, a second patterning unit C (second 
vapor deposition unit) for patterning a luminescent layer 
of BLUE in parallel with the luminescent layer of GREEN 
by vapor deposition, a third patterning unit D (third vapor 5 
deposition unit) for similarly patterning a luminescent 
layer of RED in parallel with the luminescent layer of 
GREEN by vapor deposition, a fourth patterning unit E 
(electrode patterning film forming unit) for patterning 
cathodes 8a in a stacked state by vapor deposition (or 10 
sputtering) on both end portions of the luminescent lay- 
ers of three colors, and a winding unit F for winding the 
substrate 1 from the fourth patterning unit. 
[0037] Fig.2(a) shows the substrate 1 having the ITO 
anodes 2 and the extended electrodes 3 patterned in is 
advance in a stripe shape on its surface. Fig. 2(b) shows 
the substrate immediately after the luminescent layer of 
GREEN is patterned in a stripe shape. Fig.2(c) shows 
the substrate immediately after the luminescent layer of 
BLUE is patterned in a stripe shape. Fig. 2(d) shows the 20 
substrate immediately after the luminescent layer of 
RED is patterned in a stripe shape. Fig. 2(e) shows the 
substrate immediately after the cathodes are patterned. 
[0038] On the surface of the strip-shaped film sub- 
strate 1 shown in Fig.2(a), a plurality of electrode pat- 25 
terns 4, each comprising the ITO electrode 2 constitut- 
ing a transparent conductive film as the anode and the 
extended electrodes 3 continuous to both end portions 
thereof, are formed at an equal pitch in the longitudinal 
direction of the substrate and orthogonal to the longitu- 30 
dinal direction. The fabricating apparatus is adapted for 
ultimately stacking stripe patterns 5,6, and 7 of GREEN, 
BLUE, and RlED on and orthogonal to the electrode pat- 
terns 4 and then stacking the cathode stripe pattern 8 
on the stripe patterns of three colors in a combined man- 35 
ner, as shown in Fig.2(e). 

[0039] As is apparent from Fig.2(e), in the flexible or- 
ganic EL display to be formed, the stripe patterns 5 to 7 
of three colors and the cathode stripe pattern 8 are 
stacked with high accuracy on the electrode patterns 4 40 
which are intermittently formed on the substrate 1. 
Therefore, the flexible organic EL display fabricating ap- 
paratus according to the present invention needs to 
have pattern forming means therefor and control means 
for controlling the operation. The structure of the fabri- 45 
eating apparatus will now be described. 
[0040] The reeling unit A is provided with a reeling 
shaft 11 for setting the film substrate 1 on which the ITO 
anodes 2 and the extended electrodes 3 stacked on 
both end portions of the ITO anodes 2 in a combined 50 
manner are patterned in a stripe shape, and a travelling 
counter 1 2 for counting the travelling distance of the film 
substrate 1 reeled out from the reeling shaft 11 . 
[0041] As shown in Fig.2(b), the first patterning unit B 
is adapted for carrying out patterning of GREEN from 55 
the front end portion to the rear end portion of the elec- 
trode patterns 4 in the substrate travelling direction. The 
first patterning unit B is provided with a first cooling can 



21, which is a continuously rotating cylindrical drum. 
Near the outer peripheral surface of the first cooling can 
21 , there are provided an ion cleaning electrode 22, an 
evaporation source 23 for forming the luminescent layer 
of GREEN on the film substrate 1 , a shutter 24 for open- 
ing and closing a vapor supply port of the evaporation 
source 23, a shutter controller 25 for controlling the 
opening and closing of the shutter24, and a shield plate 
26 in the shape of an inverted cone (with its supper por- 
tion opened) for surrounding the outer periphery of the 
evaporation source 23. The opening portion of the shield 
plate 26 is located closely to the first cooling can 21 so 
that a strip-shaped mask 28 can intermittently travel in 
the gap between the opening portion and the first cool- 
ing can 21. In the mask 28, opening portions 28a are 
intermittently formed in the longitudinal direction of the 
mask. The ion cleaning electrode 22 is adapted for 
cleaning, by ion bombardment, the surface of the film 
substrate 1 travelling in close contact with the outer pe- 
ripheral surface of the cooling can 21 immediately be- 
fore the luminescent layer patterning step by the first 
patterning unit B. 

[0042] An intermittent travelling device for the mask 
28 is adapted for feeding to index the mask 28 and lo- 
cating the next opening portion 28a right above the 
evaporation source 23 as shown in Fig.t, when an ad- 
hered object is adhered to the mask 28 to a certain ex- 
tent by vapor deposition for a long period of time. This 
intermittent mask travelling device is provided with a 
reeling shaft 31 for setting the mask 28 and a winding 
shaft 32 for winding the mask 28 reeled out from the 
reeling shaft 31 . The mask 28 is caused to intermittently 
travel at every predetermined travelling length of the film 
substrate 1 by rotating the winding shaft 32, and the 
opening portion 28a thus reeled out is caused to face 
the evaporation source 23. An anode pattern edge de- 
tection sensor 27 for detecting an edge 4a of the elec- 
trode pattern 4 patterned in the previous step is provided 
before the first cooling can 21 , so that an output signal 
thereof can be transmitted to the shutter controller 25. 
The travelling counter 12 and the anode pattern edge 
detection sensor 27 are caused to communicate with the 
shutter controller 25. 

[0043] The second patterning unit C is adapted for 
carrying out patterning of BLUE from the front end por- 
tion to the rear end portion of the electrode patterns 4 
in the substrate travelling direction, in parallel with and 
in proximity with the pattern of GREEN . The second pat- 
terning unit C is provided with an edge position controller 
41 (EPC (edge positioning control) mechanism) for cor- 
recting the meandering of the film substrate 1 on a sec- 
ond cooling can 44, a luminescent layer pattern edge 
detection sensor 42 for detecting an edge of the lumi- 
nescent layer pattern 5, and a mask width position con- 
troller 45 for adjusting the position of the mask 28 in the 
direction of width of the film substrate. In place of the 
evaporation source 23, an evaporation source 43 for 
forming the luminescent layer of BLUE is provided. The 
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other parts of the structure are similar to those of the 
first patterning unit B. The anode pattern edge detection 
sensor 27 is caused to communicate with the shutter 
controller 25, and the travelling counter 12 is caused to 
communicate with the shutter controller 25 and the 
mask width position controller 45. 
[0044] The third patterning unit D is provided with an 
evaporation source 53 for forming the luminescent layer 
of RED, in place of the evaporation source 43. The other 
parts of the structure are similar to those of the second 
patterning unit C. The fourth patterning unit E is provided 
with an evaporation source 63 (or sputtering source) for 
forming the cathode pattern, in place of the evaporation 
source 53, and the other parts of the structure are similar 
to those of the third patterning unit D. The winding unit 
F is provided with a winding shaft 71 for winding the sub- 
strate 1 from the fourth patterning unit E. In the winding 
unit F, an N 2 purge box 72 for carrying the wound sub- 
strate 1 in a roll shape to the next step is prepared. Inside 
the N 2 purge box 72, nitrogen replacement is carried out 
in advance and nitrogen replacement of the inside can 
be carried out again after the rolled substrate 1 is 
housed therein. 

[0045] Numerals 52 and 62 in Fig.1 denote the lumi- 
nescent layer pattern edge detection sensors. A numer- 
al 54 denotes a third cooling can : and a numeral 64 de- 
notes a fourth cooling can. These cooling cans are pro- 
vided with a mechanism similar to that of the ion clean- 
ing electrode 22 in a similar manner. The first cooling 
can 21 through the fourth cooling can 64 are rotary cool- 
ing drums for preventing thermal deformation of the flex- 
ible substrate 1 . 

[0046] The operation of the display fabricating appa- 
ratus will now be described further in detail. As shown 
in Fig.2(a), the electrode patterns 4 comprising the ITO 
anodes 2 as transparent conductive films and the ex- 
tended electrodes 3 are patterned on the plastic film 
substrate 1 in the preceding step. For this patterning, for 
example, an ordinary photolithography method or other 
method can be employed. The film substrate 1 on which 
the ITO anodes 2 are already patterned is set on the 
reeling shaft 11 of the apparatus of Fig.1 . The substrate 
1 reeled out from the reeling shaft 11 passes through 
several guide rolls 1 3, then is wound onto the first cool- 
ing can 21 , and is caused to continuously travel from the 
right side to the left side of Fig.1 by the rotation of the 
cooling can. 

[0047] The first cooling can 21 is provided with the ion 
cleaning electrode 22 and the first patterning unit, that 
is, the first EL pattern vapor deposition unit B. The ITO- 
patterned substrate 1 has its surface cleaned at the ion 
cleaning electrode 22 as the preprocessing before va- 
por deposition of the organic luminescent layer. After 
cleaning, the stripe pattern 5 of GREEN, which is the 
first luminescent layer pattern, is formed at the first EL 
pattern vapor deposition unit B. 

[0048] The operation of the first EL pattern vapor dep- 
osition un it B will now be described. The substrate 1 hav- 



ing the electrode patterns 4 formed thereon is continu- 
ously reeled out from the reeling shaft 1 1 , and the edges 
4a of the electrode patterns 4 are detected by the anode 
pattern edge detection sensor 27. The travelling dis- 
5 tance of the substrate 1 is counted by the counter 12 
and the travelling position of the edges 4a is detected. 
At a time point when the edges 4a are shifted to slightly 
before the opening portion 28a of the mask 28, the shut- 
ter 24 is opened by the operation of the shutter controller 
10 25, and the deposition from the evaporation source 23 
is vapor-deposited on the electrode patterns 4 of the 
substrate 1 , thus forming the stripe pattern 5 of GREEN 
as shown in Fig. 2(b). The substrate 1 travels toward the 
second cooling can 44. 
15 [0049] The operation of the luminescent layer pattern 
edge detection sensor 42 and the mask width position 
controller 45 will now be described. When the substrate 
1 having its meandering in the direction of width correct- 
ed to a certain extent by the edge position controller 41 
20 passes through the anode pattern edge detection sen- 
sor 27, the edge 4a is detected. Then, when the sub- 
strate 1 passes through the luminescent layer pattern 
edge detection sensor 42, the position of the previously 
formed stripe pattern 5 of GREEN in the direction of 
25 width is detected. The output signal of the detection sen- 
sor 42 is received by the mask width position controller 
45. 

[0050] The mask 28 is shifted and positioned in the 
direction of width of the substrate 1 by an actuator, not 

30 shown, and the position of the opening portion 28a in 
the direction of width is appropriately corrected in ac- 
cordance with the position of the stripe pattern 5 of 
GREEN in the direction of width by an instruction from 
the mask width position controller 45. The edge 4a on 

35 the substrate 1 are already detected by the anode pat- 
tern edge detection sensor 27. When the edge 4a is lo- 
cated slightly before the opening portion 28a, the shutter 
24 is opened by the operation of the shutter controller 
25, and the deposition from the evaporation source 43 

40 is vapor-deposited on the substrate 1 , similarly to the 
operation of the vapor deposition unit 23, thus forming 
the stripe pattern 6 of BLUE as shown in Fig.2(c). Sim- 
ilarly, in the third patterning unit D, the stripe pattern 7 
of RED is formed on the substrate 1 as shown in Fig.2 

45 (d). 

[0051] In the above description, the alignment of the 
opening portion 28a in the direction of width may be car- 
ried out on the basis of a tracking signal provided on the 
substrate 1 for detection of the direction of width. Spe- 

so cifically, as shown in Fig. 3, a tracking signal 81 is pro- 
vided in advance at one lateral end portion in the direc- 
tion of width of the substrate 1 , and a tracking signal 
detection sensor is provided in advanced at the position 
where the anode pattern edge detection sensor 27 is 

55 arranged or at a predetermined position preceding the 
opening portion 28a. The tracking signal 81 provided on 
the substrate 1 is detected by the tracking signal detec- 
tion sensor, and the result of detection is sent to the 
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mask width position controller 45. The mask width po- 
sition controller 45 appropriately adjusts the position of 
the opening portion 28a in the direction of width in ac- 
cordance with the position of the substrate 1 on the basis 
of the result of detection sent from the tracking signal 5 
detection sensor. 

[0052] The above-described result of tracking signal 
detection can be used not only foralignment of the open- 
ing portion 28a in the direction of width but also for con- 
trolling the opening and closing timing of the shutter 24. 10 
That is, the above-described result of tracking signal de- 
tection is sent to the mask width position controller 45 
and also sent to the shutter controller 25. The shutter 
controller 25 appropriately adjusts the opening and clos- 
ing timing of the shutter 24 in accordance with the posi- is 
tion of the substrate 1 on the basis of the result of de- 
tection sent from the tracking signal detection sensor. 
[0053] In this case, for example, a magnetic tracking 
signal, an optical tracking signal, an electrostatic capac- 
ity tracking signal, or an electric tracking signal can be 20 
used as the tracking signal 81 , which may be properly 
selected in consideration of various conditions such as 
the material of the substrate 1 and the manufacturing 
environment. 

[0054] By thus carrying out the alignment of the open- 25 
ing portion 28a in the direction of width and the control 
of the opening and closing timing of the shutter 24, the 
position for forming the stripe pattern of the luminescent 
layer can be finely controlled in the direction of width 
and in the longitudinal direction of the substrate 1 . The 30 
control of the pattern forming position is not limited to 
the formation of the stripe pattern of the luminescent lay- 
er and can be similarly applied to formation of the cath- 
ode pattern, which will be described later. Thus, it is pos- 
sible to form an organic EL element of high quality. 35 
[0055] At the fourth cooling can 64, the stipe pattern 
8 of the cathode 8a (metal layer pattern) is formed on 
the stipe patterns 5, 6, and 7 of three colors (GREEN, 
BLUE, and RED) already formed on the substrate 1, 
similarly as shown in Fig.2(e). Although the electrode *o 
pattern film forming unit 63 in Fig.1 uses vapor deposi- 
tion, it may also be based on sputtering. 
[0056] Finally, the pattern-formed substrate 1 is 
wound by the winding shaft 71 . In order to make an or- 
ganic EL display, a step of forming an extended elec- ^ 
trode and a sealing step are required. However, since 
the organic EL layer thus formed is generally easy to 
deteriorate, the film wound in a roll is housed in the N 2 
purge box 72 and carried to the extended electrode 
forming step and the sealing step (not shown), which 50 
are subsequent steps. 

[0057] Although the apparatus according to the em- 
bodiment of Fig.1 is constituted to carry out formation of 
patterns of the organic EL layer of three colors (GREEN, 
BLUE, and RED) and the cathode layer in accordance 55 
with the continuous in-line roll-to-roll system, pattern for- 
mation of each layer may also be carried out by an in- 
dependent apparatus of the roll-to-roll system 



[0058] Moreover, the present invention is not limited 
to the fabrication of the organic EL display shown in Fig. 
2. That is, though the display of Fig.2 has the stripe pat- 
terns, other pattern shapes may also be used. For ex- 
ample, a dot-like pattern may be used. In the case of 
forming a dot-like pattern, it can be formed, for example, 
in the following manner. 

[0059] Specifically, as shown in Fig.4, the opening 
portion 28a of the mask is formed in a substantially 
square shape in the longitudinal direction of the sub- 
strate 1 . Then, the substrate 1 is fed to index as shown 
in Fig. 5, and the substrate 1 is fixed so that a predeter- 
mined position of the substrate 1 , that is, the position for 
forming the organic EL element, is aligned with the po- 
sition corresponding to the opening portion 28a. The 
shutter 24 is opened in this state, then vapor deposition 
is carried out through the opening portion 28a to form a 
dot-like pattern 82, and then the shutter 24 is closed. 
Then, the substrate 1 is fed to index and the substrate 
1 is fixed so that the position for forming the next dot- 
like pattern 82 is aligned with the opening portion 28a. 
The shutter 24 is opened, then vapor deposition is car- 
ried out through the opening portion 28a to form the dot- 
like pattern 82, and then the shutter 24 is closed. By 
repeating the above-described operation, the dot-like 
pattern 82 can be formed at the position for forming the 
organic EL element. Except for the above-described 
matter, the formation of the dot-like pattern can be car- 
ried out by using the same apparatus and method as 
those in the case of forming the stripe pattern. 
[0060] Furthermore, the present invention is not lim- 
ited to the full-color organic EL display and can be ap- 
plied to a single-color display. 

Industrial Applicability 

[0061] According to the present invention, the forma- 
tion of an organic EL element on a flexible substrate 
such as a plastic film or the like in accordance with the 
roll-to-roll system, which is difficult in the conventional 
technique, is made possible, and it is possible to signif- 
icantly lower the manufacturing cost of the organic EL 
display. 

[0062] Also, according to the present invention, since 
the patterning of the cathode of the organic EL element 
and the organic EL medium layer is made possible in a 
vacuum integrated process of the roll-to-roll system, the 
problem of deterioration of the characteristics of the or- 
ganic EL element due to mixture of impurity into the or- 
ganic EL medium layer can be prevented, and continu- 
ous mass production of organic EL elements of high 
quality is made possible. 



Claims 

1. A method for fabricating a flexible organic EL dis- 
play, adapted for fabricating an organic EL display 
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having a cathode, a single or a plurality of lumines- 
cent layers made of an organic substance, and an 
anode provided on an optically transparent sub- 
strate, 

wherein a strip-like flexible substrate made of 
a plastic film or the like is used as the optically trans- 
parent substrate, and a step of patterning the lumi- 
nescent layer and a step of patterning the cathode 
are carried out in a vacuum by a roll-to-roll system 
while making the flexible substrate travel continu- 
ously. 

2. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 1 , wherein the luminescent 
layer patterning step is adapted for patterning the 
luminescent layer on the surface of the flexible sub- 
strate on which the anode is patterned in advance 
and for cleaning the surface of the flexible substrate 
by ion bombardment immediately before the lumi- 
nescent layer patterning step. 

3. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 1 , wherein at least one of 
the luminescent layer patterning step and the cath- 
ode patterning step is carried out by vacuum vapor 
deposition or sputtering using a mask having an 
opening portion of a predetermined shape formed 
therein, and is adapted for forming a stripe pattern 
having a width equal to the width of the opening por- 
tion on the flexible substrate. 

4. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 3, wherein as the mask, a 
strip-like mask having opening portions intermit- 
tently formed therein is caused to intermittently trav- 
el by the roll-to-roll system at every predetermined 
travelling length of the flexible substrate in accord- 
ance with the roll-to-roll system, and wherein the 
opening portions which are reeled out are caused 
to face a generation source of a patterning sub- 
stance in the luminescent layer patterning step and 
the cathode patterning step. 

5. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 4 : wherein a tracking signal 
is provided on one lateral end portion of the flexible 
substrate, the position in the longitudinal direction 
and the direction of the width of the flexible sub- 
strate is detected by detecting the tracking signal, 
and the position of the opening portion formed in 
the mask and the opening and closing timing of a 
shutter for starting and stopping the supply of the 
patterning substance to the flexible substrate are 
controlled on the basis of the result of detection. 

6. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 1 , wherein the flexible sub- 
strate processed in the luminescent layer patterning 



step and the cathode patterning step is wound in a 
roll shape and wherein the roll is housed in a con- 
tainer filled with an inert gas and is carried to the 
next step. 

5 

7. A method for fabricating a flexible organic EL dis- 
play, adapted for fabricating an organic EL display 
having a cathode, a single or a plurality of lumines- 
cent layers made of an organic substance, and an 
10 anode provided on an optically transparent sub- 
strate, 

wherein a strip-like flexible substrate made of 
a plastic film or the like is used as the optically trans- 
parent substrate, and a step of patterning the lumi- 
15 nescent layer and a step of patterning the cathode 
are carried out in a vacuum by a roll-to-roll system 
while making the flexible substrate travel intermit- 
tently. 

20 8. The method for fabricating a flexible organic EL dis- 
play as claimed in claim 7, wherein the luminescent 
layer patterning step is adapted for patterning the 
luminescent layer on the surface of the flexible sub- 
strate on which the anode is patterned in advance 

25 and for cleaning the surface of the flexible substrate 
by ion bombardment immediately before the lumi- 
nescent layer patterning step. 



9. The method for fabricating a flexible organic ELdis- 
30 play as claimed in claim 7, wherein at least one of 

the luminescent layer patterning step and the cath- 
ode patterning step is carried out by vacuum vapor 
deposition or sputtering using a mask having an 
opening portion of a predetermined shape formed 
35 therein, and is adapted for forming a dot-like pattern 
having a width equal to the width of the opening por- 
tion on the flexible substrate. 

10. The method for fabricating a flexible organic EL dis- 
40 play as claimed in claim 9, wherein as the mask, a 

strip-like mask having opening portions intermit- 
tently formed therein is caused to intermittently trav- 
el by the roll-to-roll system at every predetermined 
travelling length of the flexible substrate in accord- 
45 ance with the roll-to-roll system, and wherein the 
opening portions which are reeled out are caused 
to face a generation source of a patterning sub- 
stance in the tuminescent layer patterning step and 
the cathode patterning step. 

50 

1 1 . The method for fabricating a flexible organic EL dis- 
play as claimed in claim 1 0, wherein a tracking sig- 
nal is provided on one lateral end portion of the flex- 
ible substrate, the position in the longitudinal direc- 

55 tion and the direction of the width of the flexible sub- 
strate is detected by detecting the tracking signal, 
and the position of the opening portion formed in 
the mask and the opening and closing timing of a 
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shutter for starting and stopping the supply of the 
patterning substance to the flexible substrate are 
controlled on the basis of the result of detection. 

12. The method for fabricating a flexible organic EL dis- 5 
play as claimed in claim 7, wherein the flexible sub- 
strate processed in the luminescent layer patterning 
step and the cathode patterning step is wound in a 

roll shape and wherein the roll is housed in a con- 
tainer filled with an inert gas and is carried to the 10 
next step. 

13. An apparatus for fabricating a flexible organic EL 
display, adapted for fabricating an organic EL dis- 
play having a cathode, a single or a plurality of lu- '5 
minescent layers made of an organic substance, 
and an anode provided on an optically transparent 
flexible substrate made of a plastic film or the like, 

wherein a step of patterning the luminescent 
layer and a step of patterning the cathode onto the 20 
surface of a strip-like optically transparent flexible 
substrate are carried out in a vacuum by a roll-to- 
roll system while making the flexible substrate travel 
continuously. 

25 

14. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 13, wherein an ion 
cleaning electrode for cleaning the surface of the 
flexible substrate by ion bombardment immediately 
before the luminescent layer patterning step is pro- 30 
vided. 

15. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 1 3, wherein at least one 

of the luminescent layer patterning step and the 35 
cathode patterning step is carried out by vacuum 
vapor deposition or sputtering using a mask, and 
wherein the apparatus comprises a continuously ro- 
tating drum for winding the flexible substrate there- 
on and causing the flexible substrate to travel, a *o 
generation source of a patterning substance, and a 
mask arranged between the continuously rotating 
drum and the patterning substance generation 
source and having an opening portion of a prede- 
termined shape formed therein. 45 

16. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 15, wherein the appara- 
tus comprises travelling means for causing a strip- 
like mask having opening portions intermittently so 
formed therein to intermittently travel by the roll-to- 
roll system at every predetermined travelling length 

of the flexible substrate in accordance with the roll- 
to-roll system, and wherein the opening portions 
reeled out by the travelling means are caused to 55 
face the generation source of the patterning sub- 
stance. 



17. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 1 6, wherein the appara- 
tus comprises a tracking signal provided on one lat- 
eral end portion of the flexible substrate and a track- 
ing signal detection sensor for detecting the track- 
ing signal, and 

wherein the position in the longitudinal direc- 
tion and the direction of the width of the flexible sub- 
strate is detected by detecting the tracking signal 
using the tracking signal detection sensor, and the 
position of the opening portion formed in the mask 
and the opening and closing timing of a shutter for 
starting and stopping the supply of the patterning 
substance to the flexible substrate are controlled on 
the basis of the result of detection. 

18. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 1 3, wherein the appara- 
tus comprises winding means for winding in a roll 
the flexible substrate processed in the luminescent 
layer patterning step and the cathode patterning 
step, and a container filled with an inert gas for 
housing the roll. 

19. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 15, wherein a travelling 
counter for counting the travelling distance of the 
flexible substrate and an anode pattern edge detec- 
tion sensor for detecting an edge of an anode stripe 
pattern are provided in the luminescent layer pat- 
terning step, and a shutter for starting and stopping 
the supply of the patterning substance to the flexible 
substrate and a shutter controller for controlling the 
opening and closing of the shutter are provided in 
the patterning substance generation source, and 
wherein the travelling counter and the anode pat- 
tern edge detection sensor are caused to commu- 
nicate with the shutter controller, and patterning 
from a front end portion to a rear end portion of the 
anode stripe pattern along the substrate travelling 
direction is carried out by controlling the opening 
and closing of the shutter in the luminescent layer 
patterning step. 

20. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 15, wherein in the lumi- 
nescent layer patterning step for forming a lumines- 
cent layer pattern of another color in parallel with 
and distanced away at an appropriate space from 
a luminescent layer pattern in the flexible substrate 
having the anode stripe pattern formed in the direc- 
tion of width of the flexible substrate and having the 
luminescent layer stripe pattern of a predetermined 
color orthogonal to the anode pattern, or in the cath- 
ode patterning step for stacking a stripe pattern of 
a cathode on luminescent layer stripe patterns in 
the flexible substrate having the anode stripe pat- 
tern formed in the direction of width of the flexible 
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substrate and having the luminescent layer stripe 
patterns of predetermined colors formed on the an- 
ode pattern, a travelling counter for counting the 
travelling distance of the flexible substrate, an an- 
ode pattern edge detection sensor for detecting an 
edge of the anode stripe pattern, luminescent layer 
pattern edge detection sensors for detecting edges 
of the luminescent layer patterns, a mask width po- 
sition controller for adjusting the position of a mask 
in the direction of width of the flexible substrate, and 
an edge position controller for correcting meander- 
ing of the flexible substrate on the continuously ro- 
tating drum are provided, and wherein the anode 
pattern edge detection sensor is caused to commu- 
nicate with a shutter controller, the travelling coun- 
ter is caused to communicate with the shutter con- 
troller and the mask width position controller, and 
the luminescent layer pattern edge detection sen- 
sor is caused to communicate with the mask width 
position controller, and wherein a shutter for starting 
and stopping the supply of the patterning substance 
to the flexible substrate, and the shutter controller 
for controlling the opening and closing of the shutter 
are provided in the patterning substance generation 
source. 

21. An apparatus for fabricating a flexible organic EL 
display, adapted for fabricating an organic EL dis- 
play having a cathode, a single or a plurality of lu- 
minescent layers made of an organic substance, 
and an anode provided on an optically transparent 
flexible substrate made of a plastic film or the like, 

wherein a step of patterning the luminescent 
layer and a step of patterning the cathode onto the 
surface of a strip-like optically transparent flexible 
substrate are carried out in a vacuum by a roll-to- 
roll system while making the flexible substrate travel 
intermittently. 

22. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 21, wherein an ion 
cleaning electrode for cleaning the surface of the 
flexible substrate by ion bombardment immediately 
before the luminescent layer patterning step is pro- 
vided. 

23. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 21 , wherein at least one 
of the luminescent layer patterning step and the 
cathode patterning step is carried out by vacuum 
vapor deposition or sputtering using a mask, and 
wherein the apparatus comprises a continuously ro- 
tating drum for winding the flexible substrate there- 
on and causing the flexible substrate to travel, a 
generation source of a patterning substance, and a 
mask arranged between the continuously rotating 
drum and the patterning substance generation 
source and having an opening portion of a prede- 



termined shape formed therein. 

24. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 23, wherein the appara- 

5 tus comprises travelling means for causing a strip- 

like mask having opening portions intermittently 
formed therein to intermittently travel by the roll-to- 
roll system at every predetermined travelling length 
of the flexible substrate in accordance with the roll- 

10 to-roll system, and wherein the opening portions 
reeled out by the travelling means "are caused to 
face the generation source of the patterning sub- 
stance. 

15 25. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 24, wherein the appara- 
tus comprises a tracking signal provided on one lat- 
eral end portion of the flexible substrate and a track- 
ing signal detection sensor for detecting the track- 

20 ing signal, and 

wherein the position in the longitudinal direc- 
tion and the direction of the width of the flexible sub- 
strate is detected by detecting the tracking signal 
using the tracking signal detection sensor, and the 

25 position of the opening portion formed in the mask 

and the opening and closing timing of a shutter for 
starting and stopping the supply of the patterning 
substance to the flexible substrate are controlled on 
the basis of the result of detection. 

30 

26. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 21 , wherein the appara- 
tus comprises winding means for winding in a roll 
the flexible substrate processed in the luminescent 

35 layer patterning step and the cathode patterning 
step, and a container filled with an inert gas for 
housing the roll. 

27. The apparatus for fabricating a flexible organic EL 
40 display as claimed in claim 23, wherein a travelling 

counter for counting the travelling distance of the 
flexible substrate and an anode pattern edge detec- 
tion sensor for detecting an edge of an anode stripe 
pattern are provided in the luminescent layer pat- 
45 terningstep, and a shutter for starting and stopping 
the supply of the patterning substance to the flexible 
substrate and a shutter controller for controlling the 
opening and closing of the shutter are provided in 
the patterning substance generation source, and 
50 wherein the travelling counter and the anode pat- 
tern edge detection sensor are caused to commu- 
nicate with the shutter controller, and patterning 
from a front end portion to a rear end portion of the 
anode stripe pattern along the substrate travelling 
55 direction is carried out by controlling the opening 

and closing of the shutter in the luminescent layer 
patterning step. 



45 
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28. The apparatus for fabricating a flexible organic EL 
display as claimed in claim 23, wherein in the lumi- 
nescent layer patterning step for forming a lumines- 
cent layer pattern of another color in parallel with 
and distanced away at an appropriate space from 5 
a luminescent layer pattern in the flexible substrate 
having the anode stripe pattern formed in the direc- 
tion of width of the flexible substrate and having the 
luminescent layer stripe pattern of a predetermined 
color orthogonal to the anode pattern, or in the cath- w 
ode patterning step for stacking a stripe pattern of 
a cathode on luminescent layer stripe patterns in 
the flexible substrate having the anode stripe pat- 
tern formed in the direction of width of the flexible 
substrate and having the luminescent layer stripe '5 
patterns of predetermined colors formed on the an- 
ode pattern, a travelling counter for counting the 
travelling distance of the flexible substrate, an an- 
ode pattern edge detection sensor for detecting an 
edge of the anode stripe pattern, luminescent lay- 20 
erpattern edge detection sensors for detecting edg- 
es of the luminescent layer patterns, a mask width 
position controller for adjusting the position of a 
mask in the direction of width of the flexible sub- 
strate, and an edge position controller for correcting 25 
meandering of the flexible substrate on the contin- 
uously rotating drum are provided, and wherein the 
anode pattern edge detection sensor is caused to 
communicate with a shutter controller, the travelling 
counter is caused to communicate with the shutter 30 
controller and the mask width position controller, 
and the luminescent layer pattern edge detection 
sensor is caused to communicate with the mask 
width position controller, and wherein a shutter for 
starting and stopping the supply of the patterning 35 
substance to the flexible substrate, and the shutter 
controller for controlling the opening and closing of 
the shutter are provided in the patterning substance 
generation source. 
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